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i NOTICES * 




Japan Patent of fie* is aot raspo»*iM.« for «y J^O' CwO^^^^'^ . ... • a 

daaae/u eanuedby th« use of this translation. . ^yp. yj^DO" Jj^H 1 " ' ^ 



1. This document has been translated by conmuter.So thetrodsticamaynotie^to oogaalpBoisdy. 

2. shows the word which can sot be translated, 
3.1n the drawings, any -words are set translated. 



DETAILED DESCRIPTION . . Q? 

— — — ; ; — " — . m 

(Detailed Description of (he Invention] ^ 

[SL^ Application^ > 
insulator layer and silicon-carbide interface of interface level density were formed, in a samconductar devia:, a samwnulnctar • 

integrated circuit, etc. which carried the metal-c^-alm-smucanriuctor, (MO S) structure where the silicon carcide was used as a g 

semiconductor, or the MOS electric field effect type transistor. . »• 

KfLon ofthe Prior Art] The interface level density generated in the gate insulator layer / silicon-carbide interlace which is a 

wide gap samconductor, and which was formed cm the silicon-carbide substrate (SiC substrate) is high 1 or morel figures, and has *~ 

become one of the causes low chiimid mobility fiw the fc 171 

oxide film /silkan interface which cao^^mermalry and was formed. . ., — ^ 

[0003] Moreover, it is -with the MOS capacitor usually produced using the silicon subside. Afflougi the interface level density U 
generated ma gate o»jle film /silicon in^ _ O 

Samson dfthe dangling bond is reduced a^ "D 
with the MOS capacitor produced using the silicon-carbide substrate, there is no conspicuous effect which rsduces me interlace 
level density generated in a gate insulator layer./ silicon-carbide interface. 
f00041 

fProblemfs) to be Solved by the Invention] Then, termination of the uncombmed hand of the silicon or carbon Mowed and 
kicked to the MOS capacitor interface jirodueed using me siheon-carbide substrate in this invention is earned out, and it anas at 
fciming a good interface wim tow mterW level density. ' ^ 

[0005] In order to solve the above technical problem. iirvenhoiH-in-this-applicatian persons found out wholebeartea^yuut me 
MOS capacitor of mterface level density was obtained by annealing the MOS capacitor produced using the lahcoa-carbide 
snbstralf in thr Btnr^p ro n t«i"'"e fe hydrogen under an elevated temperature as a result of research. 

[Means for Solving the Problem] This iirvoition proposes me manufacture method of a semiconductor device ofmne&hng inthe ; 
atmosphere which contained hydrogen in 600.1600 degrees C, after framing more man two-layer [ of an oxide fito and/, era. 
m^ / one layer or two-layer ] «s a gate insulator lay^ 

layer at least based on the above-mentioned knowledge. , , . _ r ._ . ... 

[0007] m«lditiDii.,BMwughUOT are veryma^ . 
carbide (SiC). as long as the silicon carbide used as a semiconductor substrate in this invention is SiC. the tiling of wmcn type is 

5UfilCl£3ll B5 IL I'll ip CP ' 

[00081 Moreover; as long as the best layer is SiC, the struck which has 3 C-SiC on Si, and the structure ^vhicn has 3 C-SiC cm 
6 H-SiC or 4 H-SiC are sufficient as the structure of a semicemductor substrate, ' ^ , 

[0009) As an oxide film or a nitride, although asiHom oxide or a suicon nitride is common, which oxide nl m or nitnocs, sucn as. 
makmmumoxtefiH^ 

nitride, are sufficient, without being limited to this, ■ lT / , . . ^ 

[0010] As a method of carrying out the i«ninatm e of the oxide film cm a silicoD-carbide substrate, althougi an o»de ^fflto may De 
formed by t^e formm^ mcmbmicy method on a silicon-carbide substrate, a silicon-carbide substrate may b: oxidized thermally 
and an oxide film may be formed . • - 

[0011 J When forming a silicon oxide on a s^wm-carbide substrate by the forming-membranes method, for example, alter 
forming silicon on a siHcon-carbide substrate by the MBE method (the Molecular beam epitaxy method) or C VD ^ % 

gaseous-phase method), you may oxidize thermally and form and a silicon oxide may be formed by CVD and the SOG method ; 
(the spin on glass method). : * . » . 

[00]2]O&'fte^M--»*«^^«njn« outthelanunanng of ^tte mtrid^ thelJC^ method^* voltage chemistry • 
gaseous-phase method) and pksmfcntfriding are employable ©B;a silica^arbi<Ja^strate. • 

[FuncdralThatis after forming the gate insulator layer which 

.substrate, by armealing in the atmosphere containing 600 degrees C-1600 degrees C hydrogen, termination of the danghng bond 
of the silicon which exists m an insulator layer / silicon-carbide interface, or carbon can be carried out, it cen reduce interface 
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level density, end can form a gocxTmierface. , . , . . . 

[0014] Smcc the melting point of to 
insulate layer /aliccfi-^ 

degrees C when annealing Wow 600 degrees C, the annealing temperature was made into the range of 600 degrees C - 1600 

^l^Morcovci, the hydrogen insure force in the case of hydrogen annealing is at O.lPa or less, since ton is iwrfectit is 
toolowaxuiadmgliiigboiri 

oxide which the hydrogen pressure force is too high in the hydrogen pressure force being more than an ordau^ pressure QJ 

(LOixlOSPa) agam, for example, is used as a gate ins^ JTJ 

the fall of a dielectric breakdown voltage, the hydrogen pressure force was made into the range of O.lPa - UlxlOSPa CO 

pig Mfwov»r tyfrr^ flt^Mijng hy this inventjon can be performed mmfaed-gas atmosphere with in* it gas, such as (be — i 

r ^m l Uyih uga t tmd ipmi gag m Vyihr^gu gas especially nitrogen, an argon, and, helium, ^ 

[0017] in this case, hydrogen conceniradan is too low m the pressure . < 

(LOlxlOSPa), and the hydrogen concentration (hydrogen flow rate/(hydrogen flow rate + inert gas flow rate)) mimxed gasbemg > 

^my n s M «nrf « Hun^tTig hm»H carnt* out termination - it is ineffective and liydrogen ccmpcntratiQn war made into 0.5% * _ 
100% of range , ^ . J> 

[0018] Furthermore; since annealing time was too short in hydrogen annealing time being 1 0 or less seconds, and could not fully qj 
canyon the tenninalian afthedanglmgboni and the oxygen of the siheon cjxick too long [mamiealmgtiiae being 3 h^ or 

more /annealing] and used as a gate insulator fog was returned, the memfa |TI 
fell of a dielectric breakdown voltage was caused, annealing time was made into the range of 10 seconds - 3 hours; 

[0019] - X 

[Exam p le] Hftreafter i the gygrn p le of this invention is shown. J-J 

Thes^ifice oxide film was formed after the usual RCA washing, and the 18 degree OFF 4 H-SiC EPI sub:^(0001) (Siade, "TJ 

n type, Nd-Na=lxl016Vcm3) of examples was removed byHF. Subsequently, efter forming a 36nm - 50nri oxide film by dry < 

oxidization at 1100 degrees C, it quenched from 1100 degrees C to the room tenmerHture. Then, tanperatuie was changed to 400 

degrees C - 1000 degrees C, and hydrogen annealing was performed for 30 niinKtes. The hydro gen pressure force was 5.6xl03Pa 

at 1 000 degrees C. Finally aluminum was .used for the gate electrode and the ohoaic contact, and the MOS cipacitar was 

produced- * 

[0020] It is hydrogen annealing m the RF 1 00kHz) valve flow coefficient property which drawing 1 is the cross section 

showing typically foe MOS c^ac^ , A ' 

[00 2 1 ] valve flow coefficient and IV property are measured on condition that daikness in the box of the shw tided metal, and me 

XaAwri lin e of the left-hand side in drawing 2 is an ideal curve calculated from the oxide-film capacity of 25 V, and 

Nd-Na=lxl016-/cm3. Aright-hand side dashed line is a valve flow coefficient characteristic curve when wit carrying out 

hydrogen annealing, and the solid line inserted with the right-hand side dashed line and the left-hand side <fc shed line is a valve 

flow coefficient characteristic curve at the time of carrying out hydrogen annealing from right-hand side, res pecta vely at 400 

degrees C, 500 degrees C, 600 degrees C, 700 degrees C, and 1000 degrees C. . " ' / 

[0022] Among drawing, the thing with the actually measured value lower man the calculated value when a gate voltage islower ^ 

than -5V has very few zninority earners generated itf a room temp 

meqialibrium. ' . , 

[0023] moreover valve flow coefficient characteristic curve (right-hand side dashed line) when not carrying out Hydrogen 
stealing -set^ . 
hysteresis of V is shown and this means that there is very much interface level density 

[0024] In valve flow coefficient characteristic curve of the solid line inserted with the right-hand side dashed ime and the 
left-hand side dashed line, although a flal-band-voltage shift decreases when hydrogen annealing is carried out at 400 degrees C - 
500 degrees C, since the value is large and a hysteresis is also large,itcaimotstiUbeusedm£acl' - 

[0025] On the other hand, when hydrogen annealing is carried out at 600 degrees C. a hysteresis disappears mostly, and when it is 
in the state where it can actually be used and hydrogen annealing is carried out ct 1000 degrees C, a hysteresis disappears and 
approaches an idcaTfcurve. . J^m^a ™k 

[0026] In addition, although a hysteresis disappearing completely and approaching an ideal curve further was expected wncn 
hydrogen annealing was carried out above 1 000 degrees C, since the melting point of the silicon oxide currently gc^L? used as 
a gate insulator layer was 1600 degrees C, the range of an annealing temperature was made into 600 degree C - 1600 degrees C. 

[Effect of the Invention] Above, in short, according to this invention, interface level density can fully be reduced and good 

insulator layer / silicon-carbide interface which is fully equal to actual use can b<s acquired by carrying out 1 animation of the 

silicon which exists in a gate insulator layer / silicon-carbide interface, or the carbonaceous tangling bond from hydrogen. 



[Translation done.] 
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